Objectives-The 2012 Eunice Kennedy Shriver National Institute of Child Health fetal imaging consensus suggested that fetal anatomy ultrasound in obese pregnancies be performed at 20 to 22 weeks, with follow-up in 2 to 4 weeks if anatomy is incomplete. It was postulated that imaging in early gestation may improve visualization, although no prospective trials had been done to date.
Objectives-The 2012 Eunice Kennedy Shriver National Institute of Child Health fetal imaging consensus suggested that fetal anatomy ultrasound in obese pregnancies be performed at 20 to 22 weeks, with follow-up in 2 to 4 weeks if anatomy is incomplete. It was postulated that imaging in early gestation may improve visualization, although no prospective trials had been done to date.
Methods-We performed a prospective longitudinal blinded trial comparing an early gestation ultrasound (13 1 0 to 15 1 6 weeks) with the traditional secondtrimester ultrasound for completion of the fetal anatomy survey in obese patients. Inclusion criteria included singleton gestation, body mass index (BMI) more than 30, less than 16 1 0 weeks' gestation, and no karyotype abnormality; exclusion criteria included age younger than 18 years, more than 16 weeks' gestation at time of consent, and BMI less than 30. Participants received a transvaginal and/or transabdominal sonogram for fetal anatomic survey at 13 1 0 to 15 1 6 weeks' gestation (US1). Images from US1 were blinded to physicians and sonographers performing subsequent examinations. All participants underwent the traditional transabdominal sonogram at 18 to 24 weeks (US2). If US2 failed to complete the anatomic survey, a repeat transabdominal sonogram (2-US2) was performed 2 to 4 weeks later.
Results-A total of 152 pregnancies met the criteria. Anatomy completion rate was 57.2% for US1 and 62.5% for US2, which was not statistically significant, even when stratified by BMI. Excluding the philtrum, the US1 performed better than US2 for class III obesity (65.5% versus 45.5% [P 5 .035] ). Combination of US1 1 US2 yielded a higher completion rate than US2 1 2-US2 (94.1% versus 83.6% [P 5 .0023 
]).
Conclusions-In the setting of maternal obesity, the addition of an ultrasound in early gestation may be of highest benefit for patients with class III obesity (BMI > 40 kg/m 2 ).
Key Words-morphology; obesity; ultrasound I n 2012, the National Health and Nutrition Examination Survey found that more than one half of pregnant women in the United States are overweight or obese, and 8% of reproductive-aged women are extremely obese. 1 Obese women are at increased risk for complications during pregnancy, including gestational diabetes, hypertension, and cesarean delivery. 2 Obesity also poses risks to the fetus, including an increased risk of prematurity, stillbirth, macrosomia, and a higher rate of congenital anomalies. 3 Although sonographic screening during pregnancy is recommended for all women, it is particularly relevant in the obese population, because of higher rates of structural abnormalities, specifically neural tube defects, heart defect, and abdominal wall defects. 4 Sonographic assessment of fetal anatomy in the obese population continues to be a great challenge. Multiple retrospective studies have confirmed that maternal obesity significantly reduces the likelihood of completing the fetal anatomic survey, and ultrasound screening is associated with lower detection rates of fetal anomalies. 5, 6 Dashe et al reported limited visualization of fetal anatomy during a standard ultrasound examination at 18 to 24 weeks with increasing maternal body mass index (BMI). 6 In obese women, the fetal anatomy survey could be completed during initial exam only 50% of the time, and completion rates decreased significantly as BMI increased. 6 Several retrospective studies have published similar rates of completion, ranging mostly between 40 and 70%, with lower completion rates for increasing maternal BMI. 5, 7, 8, 10 Barriers to completing the fetal anatomic assessment in the obese population have been investigated, and some have proposed that screening in early gestation may be of benefit. 6, 9, 11 The Eunice Kennedy Shriver National Institute of Child Health fetal imaging consensus (2012) made specific recommendations for the pregnant obese population, which included an obstetric ultrasound at 20 to 22 weeks' gestation (approximately 2 weeks later than the usual time period for anatomy survey in the nonobese patients), and a follow-up ultrasound in 2 to 4 weeks if fetal anatomy could not be completely assessed. 9 It was postulated that earlier imaging may improve visualization of fetal anatomy, and noted that there is a lack of prospective studies on this subject.
There is paucity of data in the literature to assess whether an ultrasound performed in the late first and early second trimester of pregnancy is more effective than the traditional mid-second-trimester transabdominal ultrasound for fetal anatomy morphologic assessment in the obese patient. We therefore set out to perform a prospective cohort trial comparing the completion of anatomical assessments at 13 1 0 to 15 1 6 weeks versus 18 to 24 weeks in patients with a BMI of more than 30. The research hypothesis was that an early-gestation obstetric ultrasound examination (US1) would yield higher completion rates of the anatomic survey than the standard second-trimester obstetric ultrasound examination (US2) in the obese population.
Materials and Methods
A prospective cohort study was conducted at Eastern Virginia Medical School Department of Obstetrics and Gynecology. The study was designed to investigate the completion rate of the fetal anatomic survey for the early transvaginal sonography/transabdominal sonography performed at 13 1 0 to 15 1 6 weeks (US1) and the traditional second-trimester transabdominal sonogram performed at 18 to 24 weeks (US2) in the obese population. The study received approval from the Eastern Virginia Medical School institutional review board, and all participants provided written informed consent. Enrollment of subjects occurred between January 2014 and March 2015.
Patient selection was performed by review of the Department of Obstetrics & Gynecology's prenatal clinic schedules on a daily basis. Patients were approached for participation in the study if they met the following inclusion criteria: maternal age between 18 and 45 years, BMI of more than 30 at initial prenatal visit, singleton gestation, gestational age less than 16 1 0 weeks, no prior sonographic assessment at more than 13 weeks, and no known fetal karyotype abnormality. Informed consent and baseline information were obtained before performing the initial study ultrasound.
All study patients received a US1 between 13 1 0 and 15 1 6 weeks for completion of the anatomic survey, as defined by national guidelines. 12 All patients subsequently underwent the traditional transabdominal sonogram at 18 to 24 weeks (US2). If US2 failed to complete the anatomic survey, a repeat transabdominal ultrasound (2-US2) was performed 2 to 4 weeks later. The 2-US2 was a follow-up scan, and therefore the entire anatomy was not repeated. Duration of the ultrasound examinations in total minutes was recorded, from the time of first image capture until the last image acquired. All images and clips were used during the US1 and US2.
The US1 and US2 exams were complete anatomy scans and considered complete only when all components of the ultrasound examination as outlined by the American Institute of Ultrasound in Medicine Practice Parameter for the Performance of Obstetric Ultrasound Examinations were visualized (Table 3A) . 12 Sonographers and physicians who performed all study ultrasound examinations underwent a competency evaluation before commencement of the study, which included submission of three US1 exams. All images and clips obtained from three study patients were reviewed collectively by two of the authors (L.R., E.S.) to ensure competency and understanding of image requirement. Eight high-risk obstetric sonographers and three physicians participated in the data collection for this study. The US2 ultrasound examinations were performed by the same group of sonographers. Measures were taken to ensure that the sonographer performing the US1 did not perform the subsequent US2 on the same patient. Images from both the US1 and US2 exams from 30 subjects were then randomly selected to be evaluated by an independent reviewer to establish interobserver reproducibility.
All images from US1 were blinded from sonographers/physicians participating in the study and from the providers involved in the obstetric clinical care of the patient. This was done by creating a research number for each patient in the image archiving system. Images from the US1 were reviewed after completion of the US2 examinations for study subjects. If a major anomaly was identified in the US1, the patient was notified, and care was provided in accordance with standard clinical guidelines.
The primary outcome of the study was to evaluate the performance of the US1 and US2 exams in completing the anatomic survey in the obese population. Secondary outcomes included a comparison of combined completion rates for US1 1 US2 versus combined US2 1 2-US2, and evaluation of the effect of increasing BMI on these subgroups.
A power analysis was performed before enrollment of participants. Estimates from previous published data on the anatomic survey in the obese population demonstrated an average second-trimester ultrasound completion rate of approximately 50 to 70%. 6, 10, 11 We aimed to improve completion rates to between 60 and 85% with the early-gestation ultrasound. Enrollment of 144 study subjects was therefore needed to achieve a power of 80% and a type 1 error of 0.05. Continuous outcomes were presented as the mean and standard deviation. Categorical outcomes were presented as percentages. Chisquare statistics were used to compare the difference in proportions between the groups. Statistical significance was determined at alpha equal to 0.05. Interobserver agreement was assessed using kappa coefficient.
Results
A total of 174 consecutive patients met the inclusion criteria. Seventeen patients did not show for their appointment after consenting for the study, three pregnancies resulted in miscarriage, and two patients had a protocol violation (both had fewer than five images transferred to the image archiving system), resulting in a total of 152 patients for data analysis.
The maternal demographic information is provided in Table 1 . The average BMI of the participants was 39.4 kg/m 2 with even distribution among the classes of obesity. At the time of US1, gestational age ranged between 13 1 0 and 15 1 6 weeks, with the average being 14 1 2 weeks. At the time of US2, gestational age ranged from 18 1 0 to 24 1 0 weeks, with the average being 20 1 4 weeks. The mean duration of time to complete the ultrasound examination was 14.3 min for US1, 20.5 min for US2, and 19.8 min for 2-US2 ( Table 2) . The median and range of duration for US1 was 16.5 and 4 to 41.3 min; 24.7 and 8.8 to 83.3 min for US2; and Completion rates of the fetal anatomy survey between US1 and US2 were 57.2 and 62.5%, respectively, which was not statistically significantly different (Table 3A) . The US1 performed better at visualizing the fetal spine, and the US2 performed better at visualizing the cerebellum, cistern magna, and upper lip. When analyzed by class of obesity, there was no difference between completion rates for US1 and US2 for all classes of obesity (Table 3B) .
Completion rate for US1 1 US2 was higher than for US2 1 2-US2 (94.1% versus 83.6%; P < .05) (Table  4A) . When compared by organ system, US1 1 US2 performed better at visualizing lateral ventricles, choroid plexus, cerebellum, and spine. The US2 1 2-US2 did not perform better in any parameter. When comparing the results of combined exams according to BMI, there was a trend for higher completion rates with the US1 1 US2 over the US2 1 2-US2. This reached statistical significance for class II and III obesity (Table 4B) .
After performing the US2, the addition of a followup ultrasound 2 to 4 weeks later (2-US2) was required in 56 (38%) of the patients. Of those with a BMI of more than 40, over half (55%) required a 2-US2. The addition of a 2-US2 improved overall anatomy completion rates of US2 from 62.5 to 83.6%, leaving an additional 26 patients (46%) with incomplete exam after two attempts. After performing the US1, the anatomic assessment was incomplete for 65 (42.8%) subjects. The addition of the US2 improved completion rates from 57.2 to 94.1%.
Completion rates for exams performed between gestational age of 13 1 0 to 13 1 6 weeks, 14 1 0 to 14 1 6 weeks, and 15 1 0 to 15 1 6 weeks were 56, 49, and 72.5%, respectively, which showed a trend, but was not statistically significant (P 5 .071). For these three gestational age ranges, visualization of the same views, as listed on Table 3A , were required for the assessment to be considered complete.
There were no differences in BMI among these gestational age categories. When upper lip was removed from the analysis, completion rates improved to 69.5, 62.3 and 87.5%, respectively, which was statistically significant (P 5 .025).
Evaluation of the philtrum was an anticipated limitation of the US1, likely secondary to inadequate resolution of the ultrasound at this early gestational age. Completion rates of the fetal anatomy survey without upper lip was 71.1% for US1 and 63.2% for US2 (P 5 .143). The combination of US1 1 US2 yielded higher completion rates of fetal anatomy than the traditional US2 1 2-US2 (94.1% versus 83%; P < .05). When stratified by class of obesity in the subanalysis excluding the upper lip, there was no difference between the overall completion rates for US1 and US2 for class I and class II obesity. This comparison reached statistical significance for the patients in the class III obesity category, with a completion rate of 65.5% for US1 versus 45.5% for US2 (P < .05) (Table 5A) . Fetal abnormalities were identified during the examinations. Fourteen patients were noted to have soft markers during the US1 (two choroid plexus cysts, eight intracardiac echogenic foci, four urinary tract dilations), some of which had resolved by the US2 (five echogenic foci, three urinary tract dilations remained). The presence of soft markers for aneuploidy at the time of the early-gestation assessment is of unknown significance. The only major anomaly diagnosed was a tetralogy of Fallot at 14 1 0 weeks. This fetus also had a cleft lip that was not identified at the time of the US1, despite documenting visualization. Subsequent ultrasounds and neonatal data were available for 140 of 152 patients, of which no major anomaly was diagnosed, with the exception of the tetralogy of Fallot mentioned previously.
Interobserver agreement was assessed using kappa statistics. The kappa coefficient value for interobserver agreement was 0.986 with a specificity of 0.987, indicating a strong agreement among reviewers.
Discussion
According to a recent publication of the American Medical Association, more than two-thirds (68.5%) of adults aged 20 years or older were either overweight or obese, with 34.9% of them falling into the obese category. 13 Prevalence of class III obesity differed by gender, with women having higher rates over men (8.3% versus 4.4%). 13 A 2010 report by the Centers for Disease Control and Prevention found that prevalence of obesity among women is highest as income and education level decreases. 14 Pregnancies complicated by maternal obesity are also at higher risk for congenital anomalies. Several theories have been postulated as to why this association may exist. The metabolic abnormalities of obesity, including increased serum insulin, triglycerides, uric acid and endogenous estrogens, may have similar teratogenic effects to maternal insulin-dependent diabetes. 15 Chronic hypoxia and hypercapnia have also been considered as additional teratogenic factors in obese pregnant women. 16 Higher prepregnancy BMI is associated with neural tube defects, and perhaps other poor outcomes. Blomberg et al reported on risks for birth defects in obese patients with data from the Swedish Medical Health Registries. They found that maternal obesity (BMI > 30) increased the risk of fetal hydrocephaly, anal atresia, hypospadia, cystic kidney, club foot, omphalocele, and diaphragmatic hernia. Morbid obesity (BMI > 40) was associated with neural tube defects, cardiac defects, and orofacial clefts. Maternal obesity is a known obstacle to the completion of the routine fetal anatomic survey. Many studies have reported on the effect of maternal obesity on visualization of fetal anatomy, and some have suggested methods with which to improve them. Dashe et al performed a retrospective cohort study of over 10,000 singleton pregnancies undergoing ultrasound at 18 to 24 weeks. Normal or underweight BMI had a 72% completion rate, with 68% completion for the overweight category, and 57, 41, and 30% completion for class I, II, and III obesity, respectively. 6 Gupta et al reported on the addition of an early second-trimester fetal anatomy scan (performed transvaginally and transabdominally), which significantly improved the rate of complete anatomy scans from 42 to 51%. 20 Paladini et al reported on technical issues and tips to improve visualization on the obese pregnant woman, including performing a transvaginal sonogram at 12 to 15 weeks, lower transducer frequencies, and harmonic imaging. 16 Abuhamad et al also recently published scanning techniques for the obese pregnant patient, which included scanning underneath and above the panniculus, using the umbilicus as an acoustic window, and using the Sims position. 21 Performing an early-gestation (13-15-week) transvaginal ultrasound was also suggested as a potential adjunct.
Higher-frequency transvaginal probes and improvements in ultrasound software allow for detailed assessment of fetal anatomy in early gestation. Multiple studies have reported on the efficacy of ultrasound in early gestation in assessing fetal anatomy. Lim et al performed a retrospective review of anatomy ultrasound examination performed at 12 to 17 weeks, and reported complete anatomical surveys in 67%. 22 Additionally, Rossi et al performed a literature review on early ultrasound at 11 to 14 weeks to identify fetal malformations. The detection rate for anomalies was 51%, improving to 62% with the combination of transabdominal and transvaginal techniques. 23 The US1 completion rates were similar to that of US2. With the exclusion of upper lip, US1 performed significantly better than US2 in the class III obesity group. The combination of an early-gestation ultrasound with a second-trimester ultrasound (US1 1 US2) had a higher completion rate than the traditional US2 1 2-US2. This information suggests that pregnant women in higher-order obesity categories may benefit most from early-gestation ultrasound examinations. According to our results, the optimal timing for the early morphology exam was at 15 to 15 1 6 weeks' gestational age.
There were some differences in completion of anatomy by organ system. Particularly, philtrum and softtissue structures were limited in early gestation and were better visualized in the second-trimester exam. One possible explanation is that the resolution of ultrasound to detect differences in these facial borders is not high enough for the smaller structures in the first trimester. One fetus had a confirmed cleft lip/palate that was missed at the 14-week ultrasound. Other authors have experienced similar hindrances to completion of early morphologic exam. 23 For this reason, we performed a subanalysis that excluded this parameter, as it drastically affected the data.
Nearly 10% of US1 ultrasound exams identified a fetal soft marker. This appears to be a high rate, although analysis by individual marker appears to be more consistent with known prevalence in the second trimester for intracardiac echogenic focus, choroid plexus cysts, and urinary tract dilation. 24 With this sample size, it is difficult to make any conclusions about clinical significance regarding risk of aneuploidy.
The results of our study appear to be positive; however, caution should be used for several reasons. This is one of very few studies that addresses the issue of earlygestation anatomy assessment in the obese population. Large, multicenter studies are still needed to validate our findings before adopting them into generalized practices. In addition, ultrasounds were performed at a high-risk perinatal center with highly trained sonographers accustomed to encountering fetal anomalies and performing early ultrasounds. Some obstetric practices may not have the capability to complete the early morphologic assessments. The additional cost of this ultrasound to the patient would not likely be covered unless it is proven to be beneficial in this population with future studies. Finally, as mentioned previously, there are some aspects of fetal anatomy that are very difficult to assess at this early gestational age. At this time, the authors would not recommend replacing the traditional second-trimester ultrasound with an early-gestation scan. The clinical implications of this study are simply to highlight that in the obese population, the US1 exam overall performed equally well as the US2, and in a select group of patients, the US1 may be the best window to visualize fetal anatomy. Identifying exactly which patients should be assessed during early gestation is a challenge. Although not a consistent finding, our results suggest that those of higher-order obesity (BMI > 40) may benefit the most.
The strengths of our study include that it was performed prospectively at a tertiary academic institution. The subjects served as their own controls and the findings from the US1 exam were kept blinded from the operators performing the second-trimester ultrasound. The data from the US1 exam was analyzed at the end of the study to minimize study bias. Power calculations were performed before enrollment, and the sample size was large with adequate distribution among obesity classes.
Weaknesses include limited applicability in nonhigh-risk centers. This study was performed at a highrisk unit with significant expertise in early-gestation ultrasound and with an experienced sonography staff. Our findings may not be reproducible in all settings. In addition, we encountered several barriers to completion of morphology in early gestation, including multiple fibroids and retroverted uterus.
In conclusion, our study reports on the value of an early-gestation ultrasound examination for anatomy survey in obese pregnancies. The addition of an ultrasound in early gestation may be of benefit for obese patients, particularly class II and III obesity. Cautious consideration should be given to its use in select patients.
